Introduction 1
To combat invading microbial pathogens with which they share the same 2 environment, multicellular organisms have developed robust defense mechanisms. 3
Insects rely fundamentally on multifaceted innate immunity, involving both humoral 4 and cellular defense responses, as they lack an acquired immunity system (Brennan and Figure 3E , F), we were able to examine 2 activation of the Toll-mediated, Imd-mediated and JAK-STAT pathways, respectively. 3
In control larvae, expression of these targets was not stimulated in the absence of 4 bacterial infection ( Figure 3B ', 3D', 3E'). On the other hand, expression of the Drs 5 gene was substantially up-regulated in the fat body, which is a major tissue that 6 produces and secretes AMPs, in mxc mbn1 larvae ( Figure 3C '). We also observed 7 induction of Dpt-YFP in fat body as well as in other larval tissues in mxc mbn1 ( Figure  8 3G'). We detected GFP fluorescence generated from the 10×Stat92E-GFP reporter 9
( Figure 3F '), which monitors activation of the JAK/STAT signaling pathway in the 10 mutant larvae. These results demonstrated that the Toll-mediated, Imd-mediated and 11 JAK-STAT pathways were activated in the fat body of the mxc mbn1 larvae without 12 microbial infection. 13 14 Ectopic activation of innate immune pathways suppresses the LG phenotype of 15 mxc mbn1 . 16 The finding that Drosophila innate immune pathways were activated in the 17 mxc mbn1 larvae allowed us to test the possibility that activation of the innate immune 18 pathways can influence tumor development. We examined whether up-regulation of 19 these pathways could suppress the tumor overgrowth phenotype in mxc mbn1 larvae. We 20 induced ectopic overexpression of the Dl transcription factor acting in the Toll-mediated 21 pathway, of a constitutively active form of Toll receptor, and of a ligand for the 22 1 3 generated mxc mbn1 larvae carrying a heterozygous amorphic mutation for individual 1 components of innate signaling pathways, namely Dl, Toll, imd or Stat92E, and then 2 examined whether growth of the LG tumors changed under these conditions. We 3 noticed that the reduced gene dose of the immune factors enhanced the LG tumor 4 overgrowth phenotype in every case (Supplementary Figure 1A-F) . The average size of 5
LGs LGs in control larvae expressing the Drs gene in fat body (n = 24) ( Figure 6A, A') . In 2 contrast, we observed apoptosis signals in 7.7% of the whole LG region in mxc overexpressing Dpt, similar short fragments as well as many small dots containing the 20 AMP were found in dorsal vessels, but not in the LGs ( Figure 7J ). underlying a suppression of tumor growth in invertebrates have hardly been investigated 10 to date. In this study, we have for the first time uncovered genetic evidence that AMPs 11 play a crucial role in anti-tumor activity of the innate immune system against tumor 12 development in Drosophila. Since AMPs exist in many and diverse species, it is 13 reasonable to anticipate that our current findings in Drosophila will be pertinent to 14 numerous other organisms. While the acquired immune system in mammals is more 15 effective for preventing cancer progression, it is also possible that their innate immune 16 system makes a greater contribution than is usually assumed. that were associated with LG regions showing a more severe tumor phenotype. In 7 addition, much higher AMP levels were found in the cytoplasm of circulating 8 hemocytes in the mxc mutant larvae. These observations imply that Drosomycin and 9
Defensin were preferentially taken into circulating hemocytes in the mxc mutant larvae, 10 compared with the controls. This is consistent with a previous observation that some 11 whether the mxc mbn1 LG tumors showed this characteristic, we carried out staining 21 experiments using the fluorescent dye PSVue550 as a probe known to bind to severalnegatively charged phospholipids (Gray, 2011). However, we failed to detect any 1 difference in staining intensity between the tumor LGs from mxc mbn1 and normal LGs 2 (data not shown). Therefore, it is necessary to consider a new mechanism for the 3 restricted association of diptericin with LG tumors in future studies. 4
On the basis of the apoptosis assay, we concluded that AMP treatment 5 enhanced apoptosis in the LG tumors. However, a mechanism for this induction has not 6 yet been established. It has been argued that AMPs bind to tumor cell membranes via an 7 electrostatic interaction and align themselves parallel to the membrane surface 8 To compare the size of LGs, we isolated a whole region of the LG from mature stage 12 larvae and fixed them with 3.7 % folmaldehyde for five minutes. The fixed samples 13 were mildly squashed using an apparatus so that the tissue spreaded into a few cell 14 layers with a constant thickness. mM NaCl) on a slide glass. And then, only the larval epidermis was cut by a set of fine 18 forceps so as to allow circulating hemocytes to release into the DR outside the larvae. 19
After an aliquot of DR containing circulating hemocytes was placed on the slide glass to 20 evaporate it by a hot air, hemocytes were fixed in 4.0 % paraformaldehyde for 5 min at 21 25 °C. Immunostaining of hemocytes was carried out as described above. 22 1 
1

Apoptosis assay 2
Cells undergoing apoptosis were detected using a Cell Event Caspase-3/7 Green 3 Detection Reagent (Molecular Probes, Invitrogen, CA, USA). 3rd instar larvae were 4 dissected in PBS to collect LGs or imaginal discs. They were, then incubated in PBS 5 containing 2 μ M Cell Event Caspase3/7 Green Detection Reagent for 30 min at 37 °C. 6
After incubation, the LGs or imaginal discs were fixed with 4.0 % paraformaldehyde for 7 15 min at 25 °C. After a fixation, tissue specimens were repeatedly washed and 8 permeabilized in PBST. After several washings, specimens were mounted and observed 9 as described above. 10
Statistics 12
Results were presented as bar graphs or scatter plots created using GraphPad Prism 6. 13
Every single set of data was assessed using Student's t-test. Statistical significance is 14 described in each figure legend as follows; *p < 0.05, **p < 0.01, ***p < 0.001 and 15 ****p < 0.0001. for 10×Stat92E-GFP (JAK-STAT pathway) in control (E') and mxc mbn1 larvae (F'). 5
Note that 10×Stat92E-GFP was induced in fat bodies of the mxc mbn1 mutant (F'), but 6 not in control (E'). 
